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permanent residence in Denmark as 
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of Aarhus (1990). Here, he initiated 
his fungus-growing ant program in 
Panama as Research Associate of 
the Smithsonian Tropical Research 
Institute and coordinated the first of 
two EU-Research Training Networks. 
The second of these substantiated 
after he had become a Full Professor 
at the University of Copenhagen 
(1999), where he founded the Centre 
for Social Evolution in 2005. He 
developed split sex-ratio theory and 
the life-time-commitment (monogamy) 
hypothesis for the evolution of eusocial 
caste differentiation and obligate 
multicellularity. He facilitated several 
empirical research programs on 
other eusocial model systems and 
discovered the ant Lasius neglectus, 
which may become Europe’s most 
abundant invasive pest ant during 
the 21st century. He served terms 
as President of the International 
Society for the Study of Social Insects 
(IUSSI) and Vice President of both 
the European Society for Evolutionary 
Biology (ESEB) and the Society for the 
Study of Evolution (SSE). He received 
an Alexander von Humboldt Research 
Award (2001) and an Honorary 
Doctorate from the University of 
Helsinki (2010). 
What drew you to your specific field 
of research? I was deeply interested 
in natural history as a child, but it was 
not until my third year at university that 
a field course in ecology convinced 
me that I had probably chosen the 
right academic discipline. And I might 
well have changed my mind had not 
my PhD work been about ants whose 
sex ratio investments offered an entry 
into the evolutionary study of social 
adaptation and reproductive conflict. 
These were topics in the then nascent 
field of behavioral and evolutionary 
Q & A 29, 2015 ©2015 Elsevier Ltd All rights reservedecology that has become one of the 
most explicitly hypothesis-driven 
branches of biology. 
Which aspect of your field would 
you wish the general public knew 
more about? The general notion that 
there are fundamental principles of 
social evolution in nature and that 
we can only understand them by 
clarifying the forces that threaten to 
corrupt cooperation from within. This 
applies similarly to family life and 
inter-specific symbiosis, which can 
range from altruism and mutualism 
to parasitism. Every manifestation of 
natural cooperation that we observe 
today has somehow managed to avoid 
disintegration for sufficient time to 
become an evolutionarily stable social 
system within a specific ecological 
setting. It is humans that are the 
exception to this rule. Our cultural 
achievements are increasingly offering 
us more fulfilling lives than natural 
selection would allow, but we need to 
understand our animal cooperation 
heritage to appreciate when and why 
human nature limits further advances 
in the human condition rather than 
helping them along. 
Why is studying ants particularly 
interesting? The ants evolved 
complex, social life without the 
assistance of culture and conquered 
the terrestrial world by sheer 
evolutionary innovation. There are 
more than 13,000 described species 
and no other eusocial lineage rivals 
them in diversity of life-styles. I 
remember watching ants as a school 
boy, and later becoming aware of 
their huge abundance in temperate 
grassland ecosystems during my 
MSc work. Further reading taught me 
that ant queens have sperm banks 
that last for decades at ambient 
temperatures, and that a Latin 
American ant lineage farms fungi for 
food. These themes have remained 
stimulating intellectual companions 
ever since and inspired much of the 
research on fungus-growing ants 
that brings me to Panama every year. 
Although collecting ant fungus farms 
can be messy for us researchers 
(see picture), the resilience of these 
colonies in rebuilding their gardens 
in artificial nests within a day is 
truly amazing. 
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has its challenges. I once received the 
comment after a plenary talk: “Why is 
it that everything is always different 
in ants?” It made me realize that 
ants often deviate from mainstream 
animal routines in fundamental ways, 
for example in having complete 
segregation between sex and society. 
Queens complete all the sex of their 
lives on a single day before they 
found colonies or join existing nests. 
They will never remate, and die when 
they run out of sperm many years 
later. Their eusocial colonies consist 
exclusively of morphologically distinct 
caste phenotypes that are as mutually 
dependent as germ line and soma 
in an animal body— their members 
have irreversibly lost independent 
individuality. 
Is eusociality not often used in 
a broader sense? My version of 
eusociality is very close to how early 
naturalists understood insect colonies, 
as being unambiguously defined by 
hard-wired morphological castes 
that can never propagate themselves 
without each other. Later definitions 
were more inclusive and allowed 
lineages to join the eusocial realm 
merely because they live in nests 
where some fraction of individuals 
devote their lives to being nurses or 
specialize as defenders. Although well 
intended, this muddied the waters of 
functional transparency, because these 
new cases lacked universal caste 
commitment for all colony members. 
Once that had happened, the term 
‘superorganism’ was reinvented 
to characterize some but not all of 
eusociality proper, and this concept 
was not adequately defined either and 
thus remains a heuristic metaphor. 
It is often useful to compare ant 
colonies with metazoan bodies where 
each cell has a brain and six legs to 
move around. That metaphor makes 
it obvious that direct comparisons 
between ant colonies and human 
societies are meaningless. There 
are interesting analogies in prudent 
architecture, sustainable farming, 
and disease prophylaxis, but human 
societies are based on individual rights 
and opportunities that ants have lost, 
such as raising our own daughters 
and sons. If ants are eusocial or 
supercolonial, humans are definitely not. Do you have scientific heroes? Yes 
several, but William D. (Bill) Hamilton 
stands out. As I see it, his inclusive 
fitness theory of the 1960–1970s 
is the most important conceptual 
innovation of evolutionary biology 
after the Neo-Darwinean synthesis 
reconciled phenotypic evolution with 
particulate inheritance in the 1930s. 
The derivation of Hamilton’s rule for 
the evolution of altruistic traits (as 
being fundamentally selfish) was as 
important for phenotypic evolutionary 
biology as the discovery of DNA 
was for genetics. To paraphrase 
Dobzhansky, nothing in social biology 
makes sense except in the light of 
inclusive fitness. The only force that 
can override this is human culture, and 
this exception proves the rule because 
culture is not part of biology. 
Inclusive fitness has its critics; you 
have been among the outspoken 
defenders, why? Hamilton’s rule 
implies that naturally selected 
individuals or cells tend to behave in 
ways that maximize inclusive fitness, 
but that does not mean that every 
single behavior is optimal at any point 
in time. What is maximized is the 
number of gene copies an average 
individual has in future generations 
via its own offspring plus the offspring 
of relatives, i.e. the sum of direct and 
indirect fitness, either of which can 
in theory be zero. Inclusive fitness is 
the most general way of expressing 
Darwinian fitness in joint inheritance 
currency and we have shelves full 
of published experimental and 
field evidence that inclusive fitness 
logic aptly explains reproductive 
strategies in animals, plants, fungi and 
microorganisms. It is this dialogue with 
social biology in the wild that makes the 
inclusive fitness paradigm so powerful. 
Why are some people (scientists 
and non-scientists alike) 
uncomfortable with this view of 
biology? Some find the rational 
deconstruction of social biology 
disillusioning. Bill Hamilton in fact 
shared this sentiment as inclusive 
fitness, and its group-selection 
equivalent that he derived in 1975, 
imply that natural selection cannot 
produce benign ingroup cooperation 
without also breeding nastiness to 
outgroups and xenophobia. Other Current Biology 25, R523–R548, June 29, 2015 critics go so far as wanting inclusive 
fitness logic to simply go away 
without even trying to understand 
its principles and the evidence. To 
me, the Hamiltonian approach is 
reassuring in underlining that human 
culture, rather than natural forces, is 
decisive to rise above blind inclusive 
fitness maximization when, for 
example, we secure constitutional 
governments to build societies based 
on humanistic values and robust 
institutions. 
Within the scientific community, 
some have argued that it is possible to 
make mathematically explicit models 
that render inclusive fitness logic only 
approximately correct or sometimes 
make it fail. That is of interest, but in a 
rather academic way — the dynamic 
sufficiency that such approaches 
pursue is largely an illusion because 
biology has fundamental complexities 
that distinguish it from physics 
and chemistry. The same is true 
of economics, where models that 
approximate a significant part of daily 
reality can be Nobel Prize winning 
achievements. Inclusive fitness 
maximization is a necessary but not 
sufficient condition for the evolution of 
advanced social life, just like economic 
prudency is necessary for avoiding 
bankruptcy but never sufficient. It is 
retrospectively that principles of this 
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no company that has existed for 
100 years has achieved that without 
staying in the black figures for most 
of its branches for most of the time. 
The Hamiltonian paradigm holds that 
the same is likely to be true for the 
cooperative and altruistic adaptations 
that we study, because they are 
shaped by a long evolutionary history 
of prudent expenditure of gene-copy 
currency.
Do you believe there is a need for 
more crosstalk between biological 
disciplines? The genomic revolution 
that is upon us means that biology 
is rapidly becoming an even more 
data-driven science. I think this 
will at some point necessitate 
a renewed focus on the grand 
challenges that the biological sub-
disciplines share. The increasing 
availability of genome-wide data 
for our own species is a case in 
point. It will make personalized 
medical treatment increasingly 
feasible, but full exploitation of these 
technological advances will require 
that medical practitioners are aware 
that many human adaptations, 
however plastic they may be, have 
become detached from the natural 
environments in which they evolved. 
Only evolutionary biology allows us 
to understand the consequences of 
such uniquely human mismatches. 
It is appropriate, therefore, that 
evolutionary theory about life history 
trade-offs, parent–offspring conflict, 
and selection for resistance against 
antibiotics and cancer drugs is 
now increasingly being applied 
and taught to understand pressing 
questions about human vulnerability 
to disease.
What do you think are the biggest 
problems science as a whole is 
facing today? It remains a huge 
privilege to receive a salary and 
funding for fundamental science 
and for mentoring young people into 
seeking their own careers in research, 
education, management, publishing or 
outreach. Well-functioning autonomous 
universities pursuing curiosity-driven 
academic goals have been the 
bearers of our civilization since the 
early Renaissance. However, that 
status is under threat when external R534 Current Biology 25, R523–R548, Junfunding is increasingly reallocated 
towards directly or strategically 
applied programs, and core funding 
for faculty members dries up while 
teaching and admin burdens increase. 
At the same time, irrational denial of 
proven scientific achievement is on 
the rise, particularly on issues where 
science recommends the protection 
of public goods such as ocean fish 
stocks, the immunity of vaccinated 
populations or melting glaciers. The 
increasing public distrust in science 
is now becoming a global tragedy 
fuelled by almost unlimited electronic 
information that makes it hard to 
distinguish between evidence-based 
information and politically-motivated 
or commercially-driven postures. The 
antidote of independent scholarship 
is needed more than ever before, but 
that no longer seems to be a general 
priority.
Does government have a role in 
producing innovation? Innovation 
is a rare emergent property. You are 
most likely to get it when you put the 
best people in the same premises, 
and give them the freedom to pursue 
internationally competitive excellence 
with minimal bureaucracy. While it is 
tempting to see strategic programs 
as more immediate solutions to the 
biggest problems facing society — 
antibiotics resistance, novel emergent 
diseases, food security — this 
approach is myopically self-defeating 
because applied research can at 
best be as good as the fundamental 
research that bears it. Are we as society
best served by universities that train 
people to operate machines without 
having learnt to think? Or by academic 
curricula that steer young people to 
use existing knowledge for predefined 
problems, rather than developing new 
understanding to challenge the validity 
of present wisdom? Adopting an 
applied science agenda as a primary 
goal stunts the intellectual growth 
of the best young minds, just like 
selective logging of rainforest inevitably 
degrades the long-term resilience of 
ecosystems even though they will 
continue to appear green.
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Mating failure
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What is mating failure? Mating failure 
is the failure of a female to have her 
eggs successfully fertilised, therefore 
not producing offspring. Mating failure 
may be caused by either a lack of 
reproductive opportunities — for 
example due to early death— or 
by a failure to convert matings into 
fertilisations. This second category 
can be described as ‘cryptic mating 
failure’, due to the fact that the failure 
occurs during or after copulation, so 
that the reproductive processes that 
lead to mating failure are ‘out of sight’ 
of the researcher.
That’s strange! Shouldn’t natural 
selection minimise failure to 
reproduce? Yes. To put it bluntly: 
if an individual doesn’t mate and 
produce offspring, it doesn’t contribute 
any genes to the next generation. 
The existence of elaborate and 
costly sexual traits in many species 
is testament to the importance 
of achieving successful matings. 
Furthermore, securing a mate is often a 
dangerous or costly business, requiring 
considerable resources in order to 
fight rivals, avoid predation, locate and 
display to members of the opposite 
sex, and (in males) to maintain sperm 
levels. In many species, females are 
also directly harmed by males before 
and during mating. Given these costs 
of mating, and the potential high 
investment needed to gain them, 
individuals are under pressure to 
convert every mating into fertilised 
eggs and then offspring. 
So that means mating failures 
should be rare? Theoretically! 
However, many studies have found 
non-trivial rates of infertile matings 
across a wide range of species. For 
example, a review of 32 insect species 
found that the frequency of infertile 
matings averaged 22%, ranging from 
zero in Drosophila melanogaster to 
60% in the seed bug Lygaeus simulans 
(Figure 1). In birds, average hatching 
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